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 It is well known that the security of food costumers is assured not only by looking up to the standards and 
technological conditions of preparation but also by using of packages with high durability, stabilized with 
antioxidants biologic accepted. Due to this reason, in the last decades, the preparation technologies of food 
products were oriented to obtain more natural products. At the same time, the production of the food packages 
was oriented to achieve more ecological packages with a higher durability by using of different natural 
compounds with antioxidant capacity like additives. 
 The paper presents a study on the antioxidant effect of different natural compounds (vitamins, flavonoids) 
in the thermal oxidation process of polymeric materials. The obtained results prove that vitamins C and E could 
be an ecological alternative for the stabilization of polymers used like packages in food production. At the same 
time, the vegetal polyphenols (flavonoids) could be also used as stabilizers of polymers used in the 
manufacturing of the food packages. 
  
INTRODUCTION 
    
 The experimental data expressed  in previous research show that the phenolic or aminic 
antioxidants obtained by synthesis and used for the increasing of polyolefins durability could 
not be used in the food package production. A toxic potential of the phenolic antioxidants was 
emphasized. In the case of the aminic compounds, beside their toxic potential, different colour 
changes of the packages and negative influences to their esthetic aspects was reported [1]. 
 Starting from the biochemists results who emphasized the antioxidant role of some 
vitamins or flavonoids from the plants, the chemists have extended the area of research for 
using of these types of compounds like antioxidants for increasing the durability of polymers. 
 Vitamin C (ascorbic acid) is the most known and multifunctional vitamin. It is well 
known like a good antioxidant in the biologic systems. Its antioxidant capacity is based on the 
following mechanisms: a) in the air presence it presents a powerful reductive character. After 
its oxidation, the vitamin lose two hydrogen atoms and it changes into dehydroascorbic acid 
(Fig. 1) [2]; b) in the air absence there were identified few different intermediary compounds 


















Fig. 1. The ascorbic acid reaction that explains the antioxidant role of this compound 
 
 Some research papers emphasized that ascorbic acid reacts on the following ways: a) it 
captures the oxygen in different forms (singlet oxygen, hydroxyl radicals etc.); b) it reduces 
the free radicals with oxygen content (ROO•, HO• etc.) and prevents the propagation 
reactions; c) it presents a synergic activity in couple with other stabilizers by reducing of the 
primary antioxidants radicals (phenoxyl, nitroxyl) [1, 4, 5]. 
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 Another vitamin with a well known antioxidative efficiency is vitamin E. It is a mixture 
of four tocoferols with similar structure, but the antioxidant activity is direct connected with 
the total substituted aromatic ring of α-tocoferol. 
 The antioxidant properties of vitamin E are related especially to the following 
characteristics of α-tocoferoxyl radical: a) the absence of reaction with the molecular oxygen; 
b) the slow reaction in the chain transfer processes; c) the slow consumption during the 
bimolecular reaction of two same radicals [6]. 
 The stability of this radical could be explained by the redox equilibrium established 
between the tocoferol and tocoferyl-quinone (stable compound) (Fig. 2a) or by the quinone 
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Fig. 2. The possible mechanisms that explain the vitamin E antioxidant character [1, 7] 
 
 A lot of plants, vegetables or fruits are containing different quantities of vitamins C and/or 
E. All of them could be used for extraction and testing of antioxidant character of these vitamins. 
 At the same time, a large number of papers emphasized that different plants from 
Laminaceae Family like Salvia Officinalis, Rosmarinus Officinalis, Rhus Typia, Origanum 
Vulgaris and Ocimum Basilicum present a great interest due to their antioxidant properties in 
comparison with other plants. Deeply research show that these properties are directed related to 
the high content of different flavonoids like: carnosic acid, p-cumaric acid, chlorogenic acid, 
ferulic acid, rosmanol, carnosol etc. 
 All these interesting aspects concerning the antioxidant properties of vitamins or 
flavonoids in the biologic or food systems and the low number of papers related to the 
possible use of these compounds like non-conventional antioxidants for polymeric materials 
lead to development of own research oriented in this way. 
 
MATERIAL AND METHOD 
 
 During the developed experiments ascorbic acid, α-tocoferol and different plant extracts 
obtained using the cold extraction method (plant:ethanol = 1:10 for 5 days at room 
temperature) were used. In the case of the vegetal extracts, after drying under vacuum, the 
solid residuum was collected. 
 The low density polyethylene (LDPE - K322) for vitamins and paraffin for natural extracts 
of flavonoids were used like oxidation substrate. The concentration of the additives (vitamins, 
flavonoids) in the organic substrate was 0,25% (w/w). In addition, other samples with 0,5% and 
1,0% (w/w) additive in LDPE were used for evaluation of concentration effect vs. antioxidative 
efficiency of the additive. Like reference, the purified polymeric material was used. 
 The investigation techniques used during the experiments were chemiluminescence 
(CL), IR and UV-VIS spectroscopy. IR and UV-VIS spectra were registered with a FTIR 
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Jasco 4000 and Jasco V750 spectrometers. The isothermal emission of chemiluminescence of 
the samples was registered with an Oxiluminograph OL-94 [8, 9]. From the recorded 
chemiluminescence curves the kinetic parameters of thermal oxidation were calculated. For 
comparison of the antioxidant effect of different additives a commercial antioxidant (Topanol-
OC) was used like standard. The antioxidant activity of the standard was tested under similar 
conditions. 
 
RESULTS AND DISCUSIONS 
 
 The efficiency of any stabilizer can be estimated by means of different kinetic parameters: 
time characteristics, oxidation rate or activation energy required by the process. These can be 
obtained by the analysis of chemiluminescence intensity during time dependence.  
 The CL curves obtained for LDPE samples additivated with ascorbic acid and natrium 
ascorbate in comparison with the purified substrate are illustrated in Figure 3. Analyzing this 
figure it can be observed that the antioxidant activity of the ascorbic acid is related on his 
powerful reducing character shown through the loosing of hydrogen atoms of enolic groups 
(Fig.1). But, it can be also noticed that once with the substitution of these hydrogen atoms 
with natrium atoms (in the natrium ascorbate) the antioxidative efficiency of the compound is 
canceled.  
 
Fig. 3. CL curves (1790C, air) of LDPE samples 
(1) – blank; (2) – 0,25% (w/w) natrium ascorbate; (3) – 0,25% (w/w) ascorbic acid) 
 
 The antioxidant activity of a compound could be emphasized also by the increasing of 
the activation energy of thermal oxidation process for the stabilized samples in comparison 
with the unstabilized polymer. The activation energy values were calculated using the kinetic 
parameters (Table 1) extracted from CL curves of stabilized samples (0,25% w/w 
additive/LDPE) registered at three different temperatures (1690C, 1790C and 1890C for 
vitamin C and 1590C, 1690C and 1790C for vitamin E). 
 
Table 1. Kinetic parameters of thermal oxidation of stabilized LDPE. Additive concentration: 0,25% (w/w) 
Polymer T(0C) T(K) 1/T (K-1) 
ti
I 
(min) ln ti 
tmax 
(min) ln tmax 
169 442 0,002262 289 5,66643 710 6,56526 
179 452 0,002212 118 4,77068 330 5,79909 
LDPE 
additivated with 
ascorbic acid 189 462 0,002164 35 3,55535 165 5,10594 
159 432 0,002315 50 3,91202 690 6,53669 
169 442 0,002262 20 2,99573 365 5,89990 
LDPE 
additivated with 
 α-tocoferol 179 452 0,002212 10 2,30259 230 5,43808 
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 The activation energy values calculated for induction times and maximum oxidation 
times are presented in Table 2. It can be observed that these values are higher than those of 
unstabilized polymer. These values are accorded with the values reported in other papers. 
 
Table 2. Activation energy of thermal oxidation for unstabilized and stabilized LDPE with vitamins C and E. 
Additive concentration: 0,25% (w/w) 
LDPE (K322) stabilized with 
vitamin C 
LDPE (K322) stabilized with 
vitamin E 
LDPE (K322) unstabilized 
Parameter ti tmax Parameter ti tmax Parameter ti tmax 
E (KJ/mol) 178,71 123,70 E (KJ/mol) 129,92 88,70 E (KJ/mol) 113,80 71,50 
lnA -42,94 -27,13 lnA -32,22 -18,21 lnA -26,60 -13,90 
Correlation 
coefficient 0,995 0,999 
Correlation 
coefficient 0,998 0,997 
Correlation 
coefficient 0,990 0,920 
 
 Using different samples of polymer additivated with vitamin C in different 
concentrations (0,25%, 0,50% and 1,00% w/w) the increasing of the antioxidant effect of 
vitamin with its concentration in LDPE could be observed. The temporal parameters of CL (ti, 
t1/2 şi tmax) are linear increasing with ascorbic acid concentration while maxoxv  and Imax do not 
present significant changes with the variation of additive concentration. 
 The antioxidant effect on thermal oxidation of studied vitamins is based on two 
different mechanisms. If the vitamin C effect is based on its reductive effect, the vitamin E 
effect comes from the losing of one hydrogen atom to alchyl macroradicals, this process leads 
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 It is known that in some cases of using different couples of antioxidants leads to a much 
lower thermal oxidation rate of a stabilized polymer in comparison with the thermal oxidation 
rate of the polymer stabilized with each of additive from the couple. Due to this aspect, the 
eventual cooperation effect of ascorbic acid with other antioxidants used in the polymer 
stabilization practice. On the base of the effected tests, the synergic effect (Table 3) proved by 
the numeric value of cooperation factor (θ = 1,25) for the couple ascorbic acid – Topanol OC. 
The higher antioxidant activity could be a result of the generation process of an oxidated 
phenol through hydrogen transfer from the ascorbic acid. 
 
Table 3. Cooperation effect of ascorbic acid with Topanol-OC in thermal oxidation of LDPE (1790C, air) 





















0,25% ascorbic acid 118 200 260 318 44433 330 – 
0,25% Topanol-OC 27 100 174 364 54433 270 – 
0,25% ascorbic acid  + 0,25% Topanol-OC 181 226 328 195 40531 440 1,25 
 
 Concerning the antioxidant activity of flavonoids, the main compounds with 
antioxidative efficiency contained in the studied extracts are presented in Table 4, during 
Figure 4 illustrates the CL curves of paraffin additivated (0,25% w/w) with the five extracts in 
comparison with the purified substrate.  
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Table 4. Natural compounds with antioxidant activity 
Plant Extract Natural antioxidant compound 
Salvia Officinalis Cafeic acid, Ursolic acid, Oleanolic acid, Chlorogenic acid 
Rosmarinus Officinalis Carnosic acid, Cafeic acid, Rosmarinic acid, Apigenin and Luteolin 
Origanum Vulgaris Rosmarinic acid, Cafeic acid, Apigenin, A and C Vitamins 
Ocimum Basilicum Cafeic acid, p-Cumaric acid, Quercitin and Rutin 
 
 
Fig. 4. CL curves (1630C, air) of paraffin additivated with plant extracts from Lamiaceae Family (0,25% w/w): 
(1) – blank; (2) – Ocimum Basilicum; (3) – Origanum Vulgaris; (4) – Rhus Typia;  
(5) – Rosmarinus Officinalis; (6) – Salvia Officinalis 
  
 The kinetic parameters resulted from these curves are presented in Table 5 in 
comparison with Topanol-OC. As it can be remarked from this table, all the plant extracts 
used as additives for paraffin stabilization lead to higher oxidation induction periods and 
lower oxidation rates than the same parameters of unstabilized parrafin. It also can be noticed 
the great antioxidant activity of Salvia Officinalis extract which present an eight times 
decreasing of the oxidation rate relative with the unstabilized substrate. Comparative with 
Topanol-OC, this extract presents the highest relative activity (A = 1,982). 
 
Table 5. Kinetic oxidation parameters (1630C, air) of paraffin additivated (0,25% w/w)  
with plant extracts from Lamiaceae Family and Topanol-OC 





(u.r./g·min) Imax (u.r./g) tmax (min) 
none 22 56 958 56634 95 
Salvia Officinalis 242 302 113 18937 375 
Rosmarinus Officinalis 163 220 277 25636 300 
Rhus Typhia 143 184 452 38398 235 
Origanum Vulgaris 70 90 769 32965 130 
Ocimum Basilicum 39 79 465 27525 130 
Topanol-OC 133 164 285 20100 230 
 
 Following the same steps developed during the study of the antioxidant effect of 
vitamins, in the case of different active components (flavonoids) from the plant extracts, an 
increasing of the antioxidant activity with the additive concentration was also observed.  
 The activation energy of the oxidation process was calculated from the CL curves 
registered in the isothermal conditions at three different temperatures (1560C, 1630C and 
1780C) for paraffin samples stabilized with each plant extract. In the case of the paraffin 
samples additivated with natural extracts higher values of activation energy were also 
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obtained in comparison with the unstabilized substrate (Emax = 64,4 KJ/mol). For example, the 
obtained value of similar activation energy obtained for the paraffin stabilized with Ocimum 
Basilicum extract was 75,3 KJ/mol (this value being the lowest from all the samples). 
 Analyzing the obtained results, it can be concluded that the antioxidant activity of the 
vegetal polyphenolic compounds (flavonoids) from the plant extracts depends by the number 
of hydroxyl groups of the molecule and their substitution position on the aromatic ring. 
Another thing which contributes to this activity is the presence of the double bond from the C 
heterocycle of the flavonoid structure and the presence of hydroxyl group in the third position 
of catechins. In the presence of peroxy radicals the main reaction leads to the intermediate 


































 The present paper emphasizes on kinetic bases the capacity of vitamins C and E to act 
as non-conventional antioxidants in the thermal oxidation process of LDPE. This effect can be 
extended also for similar processes of other polymers. In this context, vitamins C and E can 
be an ecological alternative for the stabilization of polymers used like packages in food 
production. 
 The data analysis for the study of antioxidant effect of the natural extracts containing 
vegetal polyphenols proves that natural antioxidants can often be used like stabilizers of the 
alimentary fats and oils, cosmetics and different pharmaceutical products. At the same time, the 
using of these compounds can be expanded to those polymers used in the manufacturing of the 
food packages. This aspect is very important if it has in view the avoiding of food products 




1. Schuler P., 1990, Food Antioxidants, Elsevier, London, p. 99 - 120 
2. Towlis B. A., 1971, J. Sci., Food Agric., 22, p.16 - 21 
3. Huelin F. E., I. M. Coggiola, G. S. Sidhu, B. T. Kennet, 1971, J. Sci. Food Agric., 22, p. 540 - 544 
4. Lonostro P., G. Capuzzi, P. Pinelli, N. Mulinacci, A. Romani, F. F. Vincieri, 2000, Colloids and Surface 
A – Physicochem. And Eng. Aspects, 167, p. 83 – 86 
5. Yao D., A. G. Vlessidis, N. P. Evmiridis, 2002, Analyt. Chim. Acta, 467, p. 133 - 137 
6. Rousseau R. C., R. Martin, 1988, J. Chim. Phys., 85, p. 167 - 170 
7. Tappel A. L., 1972, Ann. N. Y. Acad. Sci., 203, p. 12 -16 
8. Gorghiu Laura Monica, Crinela Dumitrescu, R. L. Olteanu, S. Jipa, T. Setnescu, R. Setnescu, 2001, 
“Study of Some New Synthesized Triazine Skeleton Compounds on the Oxidation Stability of 
Polymeric Materials” Annals of West University of Timisoara, Series Chemistry, 10 (1), p. 153 - 160 
9. Dumitrescu Crinela, Laura Monica Gorghiu, S. Jipa, 2003, “Studiul efectului unor coloranŃi reactivi 
asupra stabilităŃii la termooxidarea polipropilenei”, Materiale Plastice,  40 (2), p. 73 - 76 
